inedtheelectrical properties of thecyanogen halides (F,C1, Br,andI) using large basis sets, sophisticated coupled-cluster electron correlation methods, and experimental geometries. They showed that relativistic effects donot become significant until ICN. Some ofthe fundamental frequencies ofBr20, BrBrO, BrNC, BrC10, and C1BrO have been observed experimentally 21.27 and these are discussed further below. Properties determined inthe present investigation include equilibrium geometries, dipole moments, harmonic vibrational frequencies, infrared (IR)intensifies, isomerization energies, and heats offormation. The ab initio methodology used in this study is discussed in the next section and the results and discussion are presented in the following section. Conclusions are presented in the final section.
Computational Methods
The equilibrium geometries were determined with a TZ2P basis set at the CCSD(T) level of theory. note that these errors will decrease as better one-particle basis sets are used with the CCSD(T) method).
Our previous studies I-s on CI-X bond distances, however, also showed similar behavior (i.e., that the difference between CCSD(T)/TZ2P and experiment is somewhat larger for CI-X bonds than found for bonds between first row atoms) and therefore it is expected that the errors for the CCSD(T)/TZ2P
Br-O, Br-_l and Br-C bonds in Table 1 are typical.
In fact, the errors in CCSD(T)/TZ2P C1-O, CI-N, and CI-C bonds are quite similar to those observed here for the analogous bromine bonds.
Based on these comparisons, the theoretically predicted structures contained in Table 1 should greatly aid in the analysis of future experiments.
It should be borne in mind, however, that also based on earlier studies of Table 2 will aid in future IR studies of bromine molecules.
Characterization
of Triatomic Bromine Molecules 18.0, 23.7, and 35.9 kcal/mol for reactions 1-7, respectively. This is the reaction enthalpy at 0 K; for later purposes the change in the reaction enthalpies due to thermal population of vibrational energy levels at 298.15 K is also presented in Table 5 . It is thus apparent that the isomers having a normal neutral Lewis dot structure are the lowest energy species in every case except for FOBr/FBrO. This is similar to the situation for the C1 " Based on the CCSD(T)/TZ2P effective one-particle density matrices, b The third row refers to the central Br atom. shows that CIBrO is about 6.7 kcal/mol more stable than BrC10. Further, comparison of the isomerization energies of the analogous C1 compounds supports this assertion (e.g., FCIO is predicted 3 to be more stable than FOC1 by only 6.0 kcal/mol rather than the 11.1 kcal/mol found for FBrOIFOBr).
Comparison
of AE2 through AE4 shows that for XBrO compounds, the more electronegative the X species the more stable the hypervalent compounds, similar to chlorine hypervalent compounds. The accurate isomerization energies determined from the data in Table 5 Table 6 .
BrNO + H20 _ HNO + HOBr + AE s
HOBr + HOBr _ H20 -t-Br20 + AE 9 (9) Br20 + HOF _ HOBr + FOBr + AEl0
HOBr + HOC1 _ C1OBr + H20 + AE t i (1 I)
BrCN + HOCI _ C1CN + HOBr + AEI2 (12)
A quick examination of the results in Table 6 shows that the reaction energies AE8 through AE¿2 are very nearly converged with respect to one-and n-particle basis set improvements. Table 7 . It is noteworthy that Orlando and Burkholder 24 were able to deduce that AHf(Br20) -2AJ-/f-(HOBr) = 55.5 kcaYmol (assuming that AS _ 0) based on an equilibrium between HOBr, Br20, and H20 being reached. In the present work we obtain 55.9 kcaYmol for this quantity (from reaction 9 and the experimental /X,/'Ff.29s(H20) value), which strongly supports the accuracy of the present ab initio calcula-
tions.
Should an unquestionably accurate experimental heat of formation of any of the bromine triatomics included in this study be obtained, the heats of formation of all of the other bromine triatomics may be derived from the data in Tables 5 and 6 together 
